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t Tbis invention relates to the mixing of particulate 
Material*. More particularly, the invention relates to the 
Mixing of such Materials when dispersed in a fluid medium, 
a.g. by the Mixing of stream each cor.taining such a Material 
dispersed in a fluid medium. 

Xt is known that if a second fluid stress is injected 
SLxially into the centre of a swirling annular first fluid stream 
ov vortex and the swirling annular first fluid stream has 
sufficient swirl (angular momentum) and the axially injected 
second fluid stream has sufficient axial velocity, mixing cf 
tho *treamswill at first occur only to a limited extent. However, 
because of transfer of momentum from * svirling mode to an axial 
■ode, the vortex flow of the first stream eventually decays and 
during sach a decay interaction of the twe streams occur*, 
accompanied by large scale turbulence or vortex break and the 
mixing of the streams. Ve hav* discovered that this phenomenon 
may be utilised to effect controlled reaction between and 

intimate y^"g of particulate "materials dispersed 
within fluid streams. 

Swirling or vortex flows have found application in the 
development of solid particle separators, heat transfer devices, 
gas separators and combustion devices, and have boon used in a 
variety of ouch separators, heat exchangers and/or devices. In 
general, however, such uses have been directed to mixing solid 
particles with fluid media, or separating particles from fluid 
media trod have not boon concerned to achieve a controlled 
Juxtepcsltlon and Interaction of separate streams of solid 
,virticl«5S for a limited tiae prior to the Intimate mixing thereof. 

Tor instance, swirling gas reactors have teen proposed by the 

« 

U.S. Bureau of Kin* a. In such a reactor a mixture or suspension 
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of pulverised coal a? A steam Is injected or pumped through the 

within 

centre of the reactor and/* swirling flow of air la which 
r«tlverlsed coal Is dispersed to bo Ignited by h**t radiating 
from t hot reactor vail. The energy liberated by the burning 
coal increase* the degree of evirl as a result. Radial heat la 
emitted by the burning coal and gasifies the coal fed to the 
centre of the reactor. Such reactor* necessarily oporate with 
a large void fraction In order to give caking coals sufficient 
transit time In free flight in the reactor for then to |>as8 
through their sticky state, before reaching the reactor wall. 

However, the large void fraction llmltrs the coal throughput 
of the reactor and lowers Its efficiency In operation, the large 
void fraction also limits the useful range of operation of the 
reactor. Moreover, the void fraction also does not always 
completely prevent sticky coal particles from reaching and 
becoming attached to the reactor wall, so that there Is the risk 
of the reactor becoming plugged if rigid operating conditions arc 
not adhered to. Furthermore, In ouch a reactor, the burning and 
burned coal has nothing to act as a shield between it and the* 
reactor wall nor Is the reactor self-cleaning In the event that 
some of the coal should stick to the reactor wall. 

In this regard it should be understood that a caking coal or 
carbonaceous material Is one which passes through a sticky or 
tacky state when subjected to temperatures of about *00°r. (205°C.) 
and above, when In such a state the material tends to agglomerate 
or cake and to attach itself to surface* with which it comes i*to 
contact. However, the state 1. only temporary and disappears 
vith the passage of sufficient time at temperatures in excess 
of «00°r. (203°C.). Such materials arv therefore difficult to 
pyrolyse an,< current techniques for their pyrolysis equally 
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lowers the tar cad gas yields obtainable therefron by pre~treatnent or else 
are not suitable for rapid pyrolysis. 

Literature nlmt to the present invention is as follows: 

X- leajanin, T. Brooke,. Theory of Vortex Breakdown Phcnoncaoo . 
Journal of nidi Kjcfassics, Vol. 14, 1962. 

2« Harvey. Sone Observations of Vortex Breakdown Phenoawnon, 

Journal of Fluid Uechenics. Vol. 14. 

S. Prictloo and Forced Convection Keet -Transfer Characteristics 
in Tubes vith Tsisted Tape Caniratars. Journal of Cost Transfer, February 
1964. 

4* Backer. D.S.. 3*irl Flow Reactors, university of Illinois at 
Oiicago Circle, A* I. Ch. E. Free Form «#<mesday, Deceaber 1. 1971. 

5. tfcxrtiiy, S.K.S., Survey of Some Aspects of Swirling Flows. 
Aerospace Research labvratories 71-0244. Moveaber. 1971. 

6. Nissan. A.H. and Breaan. Swirling Flow in Cylinders. A.I. Ch* 
E. Journal. Vol. 7. Mo. 4. Deceaber. 1961. 

7. Co*l-To-Cas Conversion... Search for Hew Ideas Intensifies, 
Coal ««e. February. 1973. 

It is therefore an object, of the present invention to provide a 
new and novel apparatus and netfced for nixing particulate neterials. es- 
pecially nmterials that pass throng a sticky or pasty state seder conditions 
in which the nixing is tc take place. 

Thus in one avpect the invention provides apparatus fcr nixing 
particulate nmterifOs, comprising: (•} n ccaduit reactor eeens having n 
ci r cula r cross -section; Cb) a first inlet neons coanxviic^rin* with said 
reactor mans for admitting n prlnsxy particulate stress into said reactor 
■ ■ win ; 00 a van? neens positioned in said reactor snens and spaced apart fron 
the axis of said reactor neens and downsvxjnu of said first inlet Keens tor 
inpertifeg a svurlinf enuilar notion to «ld prinary pcrticolatc strean; (d) 
n second inlet mmto cataninicatinn vitfe riid reactor neens positioned for 
admitting a secondary perclculato ttrcsa axlally into said reactor neens; (e) 
n reacting sone within 
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Mid recctor moans and duwiutietm of said second Inlet means through wMcb 
Mid iti nil ms»; tod (f) ma outlet eeauc is Mid reactor tent and down- 
stream of Mid reacting some far removing material from Mid reactor was. 

The apparatus say include means for distributing a particulate 
Mtorlal uniformly in Mid priMry stream; « screes may conveniently con- 
etituf t such distribution mos. 

Hm vane aeens Bey take various forms: for instance such means 
My «* shaped to Impart swirl to the primary stream flowis* tron a primary 
stream inlet, a vane or, preferably, an asomlar array of rones beins 
pootd in the flow path of the primary stream. One or more primary stream 
inlets cay be arranged taagentially of and opening into tho reaction xone. 

Conveniently the reaction cone is annular in shape and the said 
Mlrllag amnulia is formed concentrically therein. 

The after section nay conveniently be provided with one or noro 
swirl-stopping baffles or other means to bring about a rapid decay of the 
swirling aanulus as this leaves the reaction xoei. so as to speed intimate 
mUlajt of the two strMms after they have been maintained in reacting contact, 
but substantially unmixed, for a prescribed reaction period in the reaction 
tone. 

The invention also provides a process for subjecting carbonaceous 
particulate Mterial to the influence of a stream comprising a heat-supplying 
particulate material comprising: (a) rowing a primary swirling annular stream 
of an entrained heat- supplying primary particulate Mterial. Mid primary 
swirling annular streaa having a central cavity; (b) introducing into said 
central cavity a secondary stream comprising a fresh carbcotceous particulate 
sstexial bavin* an initial chemical compos it ion; (c) subjecting Mid fresh 
carbonaceous particulate material to the Influence of said beet-supplying 
ptfmary particulate Mterial thereby causing a transforMtioa of Mid fresh 
carbonaceous particulate material into a substance of different chemical com- 
pwition than said initial chemical composition. Mid substance comprising a 
eelid product, and preventing freo oxytjn from being introduced into said 
reactor; and (d) removing all material from Mid rMCtor. 

Ia yet another aspect, the invention provides a process for 




1050736 

pyrolrri&j attloKTstlr* carbonaceous material ccaprislng: (a) foimun * 
prfaauy wtrliag asnslaar stream ascprisiiig a aeat-sspplyisf particulate 
material la a reaction xooe deteraiaed by a coaflala* boundary, said primary 
swirling annular str*em bavin* a central cavity; (b) introducing into said 
central cavity a aacondary stream comprising a particulate acgloneretivo 
carbooaceous material; (c) beating said particulata agglcae/aave carbonaceous 
Mtitrial by the transfer of beat fro* said ta«t-**pplyinf particulata material, 
tbaraby ceasing a trans formation of said particulate aaiomerative carbon- 
aceous material into a form «bic-i will sot adhere to said cv*£ining boundary, 
and theroby preventing particulata agglonerative Mterial f roa adhering to 
sail f ffl«"^"t boundary, said font cosprising a solid product; aad (d) re- 
aming all aaterial froa said roactloo tone of sail reactor. 

The processes and apparatus of tbo invention aro particularly 
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imII adapted to the gasification or like pyrol^sls of 
carbonaceous suite rials eceb coal by reaction vith hot parti culato 
char. For such purposes the respective particulate Materials nay 
1* dispersed in fluids that are inert to - i.e. net deleteriously 
reactive vith * ths, particulate materials or tholr raaction 
products* thus rioids such as nitrogen and staaai stay be used. 
Ths priaary (char) stresst say ba suitably preheated before being 
fad to Uve reactor. 

The invention is farther explained vith reference to the 
accompanying dravinge in vhichs* 

T1CVXZ 1 la an elevation*! v„ev, vainly in section, of ax. 
embodiment of apparatus in accordance vith the present 
invention; 

FIGURE 2 is' a sectional view of the apparatus shovn in 
Figure 1, taken along line 2-2 thereof; 

FIGURE 3 la an elevations! view of the svirling Means of the 
apparatus shovn in Figures 1 and 2; 

FIGURE * is a perspective view of the swirling ateana of 
Figure 3l 

FICURK 5 ie an elevational viev t mlnly in section, of 
another evbodlaent of apparrttuti recording to the present 
invention, and 

FIGURE 6 is #>. plan viev f partly in section, of yet another 
embodiment of apparatus according to the pseeent invention, tl«e 
arrows indicstlog the direction of fluid flov in the reaction 
none cf the apparatus, 

A first enbodiaent of th«t ivrention is show in Figures 1 
to k and cospriseo a reactor \G cf extended upright tubular 
foro having a first inlet 12 vitfc an upright annul er portion 1* 
connected to the upper ewi of tho reactor and spanned by a 
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•crt«n 16, the inlet 12 being p«Mtr«t«d at 18 by a tab* 30 
constituting a second Inlet. 

j Tha reactor 10 has mn annular svirling ■ • •it generally 
designated 20 positioned in the path of Incoming fluid from 
5 the first inlat 12, sstans 20 having a hollov core 22 extending 
therethrough and a convergt-nt upright portion Zh adapt ad to 
forca incoming fluid fro* the inlat 12 to tba sides of the 
realtor. The portion 2k extends through tha acraan 16 and 
Joins tha tuba 30. A lever hub portion 26 has an array of 
10 ttMi 28 edaptad to iavart avirl to incoming fluid froai tha 
Inlot 12. 

* Tha uppar part of tha raactor 10 ,1— ■rtiataly below tha 
svirling moans 20 constitutes a raactlon nana 32 into vhich tha 
aacond inlot comprising th« tuba 30 extends via tha hollov core 
15 22 of tha swirling Mans 20 t tha aacond inlat thus being axial 
of tha reaction sons 32. 

Tha reactor 10 terminate* in an after section 36 having a 
aerie* of baffles 38. 

A. aacond embodiment of the invention is illustrated in 
20 Figure 5 and differs, from that described In that its raactor 

generally designated 4o Includes a first annular inlat 42 vhich 
is generally horizontal and tangentiolly connected at 44 to an 
suir-tlar reaction sone-constitutlng portion 46 of the reactor 
end lhv9 forsrs a combined inlet and svirling swans for a primary 
25 ctream. The reactor 40 also has an upright second inlet 45, 
tha annular reaction *one 46 cossBuni eating vith both tha first 
and second inlets and vith an annular after section 48 having a 
series of baffles 50. 

The third embodiment shovn in figure 6 differs from that 
30 of Figure 5 in that its reactor 52 has a multiplicity of annular 
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firat lnlot. 54 t«n«oatiaUy coaaoctod to an annular portion 
th * r#of • «*»«reby In cosine ttniu are povorfuily swirled. 

The sla« of tho partlcul.at« aatarialo that a> 7 bo red to 
roactor. o-bodyia* tho iareatioa «nd each ... above d..crib*d 
5 ""r niy widely, tho iIm rango and dlatribatlea la u r 

P * rticalar deteraia.* by tho Miatnunc. of proper 

dl.por.ioa of tho particle, la the fluids, of tho re.poetlve 
stroma. Preferably, tho particle aine ran*., fro. that of 
Sfaat ** cf •*»»«# * P-rtido also of ab<.u:. 7 * .icroa. beia« 

10 no.t preferred with a .i«. di.trlbati^ «.«* t^at at leaat 70* 
of tho partielo. pe*. a ZOO M «h (7* a*cror.) acrooa. 

la tho caee of tho prroly.1. of earboaaeooua, e.g. eoal, 
partlclea by hoat exchange with a primary atroaa of char 
partielo., tho prf-arjr .treo. «ay bo prehoated to aay aaitabl. 
15 temperature to carry tho require* No.t iato tho ro.ctioa .one. 
Preheating to a teaperature vithAn tu« ran^ BOO to .900°r. 
(*2 5 to 1050 0 C.) i. .uitabl. ia a^t ^. t«p.r«tur. 

of tho aocoadary (coal) ,tre- i. «*»».r«lly «ch low at it. 
entry to tho roactlon coae. 
20 Thue ia typical uao of tho nrp.ratu. for coal pyroly.i., 

fiaoly mound char hari^ , parties „i„ of about 7 k mtcroM 
ia dlaaet.r i. di.per.od ia an in.rt fluid uediu,, or carrier 
«aa. for ia-tanc. ailro^a. and i. introduce into a poactor 
~ch a. ahown in l^urc , . pri*^ . 4r . ttI1< ^ tMlMlSae 
25 eondition. aro preaeatt 

Char .a., flow r.to, 2600 pound. (11801*) por hour 

Carrior e*, n ov ratot ko SCfif (1133 1/m) 
C«. aw. flow ratot 177 pound, (BOkff) por hour 

Ratio of char to coat , , 

» Teaperature, 1200 r P. (6.W°C.) 

- « - 
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Frtfltorft H> pel* (l.12kg/ca 2 f 1.09 ats.) 

▼old fractions 0.995 
▼alocltys 33«S> fl/a (10.3 ■/•) 

l Uyno l*!* #,adbart 7730 
Xnlat, first, dlntttn 3«*> la. (8.28ea) 
Atm for flovt 0.0579* ft 2 (53«8fcca 2 ) 

Jinaly-diridod coal of siarllar partlcla slss to tha char - 
l.a. about 7*1 Microtia 1a dlsstatsr, dlaporsad In an laort fluid 
■nHian or carrior gas, for instanca ataas, la alao introdacod 
ifeto tho r'f&ctoi- aa a aocoadary atraam. Tho following opa rating 
conditions prwra.il. 

Goal ansa flov rmtss 125 pounda (57kg) par hour 

Carrior gas flov ratot \k SCFX* (39* I/O 

Gaa aui flov ratot 62 pounds (28kg) P*r hour 

Katlo of coal to gaas 2 t 1 

Taaparaturas 70°r. (21°C.) 

Pros sura t 16 pala (l.12kg/c« 2 s 1.09 ats.) 

▼old fractions 0.998 
▼alocityt 36.<l ft/11 (11.1 ■/*) 

Baynolds Xuabart 19 v OCO 
Xnlsf, sacond, dlaaatars 1.0**3 in. (2,66ca) 
Araa for flovt 0..006 ft 2 (5.57c* 2 ) 

Tha olxaA at ran ra suiting froai tit Ting of tho primary and 
sacon£ary ctrassu in tho reactor and obtained froa the after 
aaction thereof baa tha following charactaristlcss 
Ooai darolatllisatloas h&i 
Molecular weight of xaporstSi* 

Total cfc*r aaes flov ratat2t>75 pounds ( 1213kg) por hour 

Total «aa flow rates ^5*3 Sen* (18*9 *M) 

Gaa aass flow ratot 239 pounds ( 131kg) par hour 
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Char to gas ratios 9*25' • 1 

tMfmterti 1075°r. (5«0°C.) 

After section diameters 4.26 itu (tO % Scm) 

Aran or flows f** (91.95 cm 2 ) 

Told fractions - 0*997 

Velocity* 29*9 Tt/m (9.11 m/a) 

Beynolda numbers 9500 



•SC?H * Standard cubic foot per minutes — a sored toIum 
corrected to rapreaettt volume at €0°T m (15*5°C.) at on* 
K> atmosphere pressure* 

. Xn such as operation of the apparatus, tho preheated primary 
(char) atrtem oatara tha reactor through tba first inlet (s) a*td 
la formed ijito a swirling uumliu agmlnat tha *all of tha 
raactlon bom of tha raactor. tha aacondary (coal) at ream antara 

15 tba raactor through tha aocoad inlet and la projected axially 

alone tha contra of tha swirling enmilue of tha primary stream. 

Tha coal in tha secondary stream la beat ad by boat radlatad 
from tha a virility annulua of char and becomes sticky, but tha 
avlrling onouloa of char prtT«ats tho sticky coal from contacting 

20 tha raactor vail* Tha hot char also haata tha fluid nadiun of 
tlta aacondary atraan by contraction which in torn boats tha coal 
In that atraan, tha turbulence of tha aacondary atraan ensuring 
good trust ar of haat from tha fluid to tha coals this turbulanca 
also results in some transfar of moms utun between tha char atraan 

S3 and tfce coal atraan. 

By tha tin© that tha streams pass iato tha aftar saction of 
tba raactor. tha coal baa loot Ita atickinasa and tha streams 
mix, tha 9v-Arl-ctoppin£ baffles assisting in dacay of tha swirling 
primary atraan and so assisting in bringing about rapid mixing of 

30 tha tvo streams. Tha mixed streams leaving tha raactor may be 

- 10 - 
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soparatod Into solid and gu products In any suitable apparatus. 
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SPFPtPOnABT DISCLOSDUE 
The setted Is useful generally in swirling flow reactors which 
tare a primary stroma containing * primary particulate material which forms 
a swirling airalus and • secondary stream watch contains a particulate 
carbonaceous material injected into the central cavity of the swirliig 
snmules with subsequent nixing of tb* tvo streams upon the decoy of the 
swirl. Preferably the streams ax© maintained substantially free of free 
oxygen and the secondary stream is subjected to the influence of the primary 
stroma for a period of time sufficient to cw.se s transformation of the 
10 particulate carbonaceous material into a substance of chemical composition 
different than its initial chemical composition. 

Ia one embodiment the particulate material of the primary stream 
is relatively hot or heat -supplying and the particulate carbonaceous 
material of the secondary stream is subjected to the influence of the heat- 
supplying particulate material whereby a desired change occurs either 
physical and/or chemical in the particulate carbonaceous material of the 

secondary t mam* 

The primary stream which preferably comprises a gas which does not 
enter into a deleterious reaction with the particulate materials and the 

20 products produced by the process must be substantially free of free oxygen. 
By substantially l>»e of free osygen a* usee ard claimed herein is meant 
that the amount oT free oxygen p«r unit volume of particulate material 
Admitted into the *yrolysis tone through any or all feed streams entering 
the pyrcV/sls zone is no greater than the void velum* of the bulk particulate 
material in such unit wolumcv. For example the amount of free oxygen will 
bo no grater then that which is formally included with the particulate 
material as it is fed from * hopper in a feed system into the pyrolysis tone 
in the rose tor without purging tht hopper to remove oxygen (or air) from the 
void spaces between thi particles. One skilled in the* art will appreciate 

SO that the arount of cx)g« or air on a weight basis included in the void 
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sptces as described is very small end such a small amount of oxygen will not 
r« suit in a significant amount of oxidation of the product. 

la un* embodiment the particulate material is purged with a purge 
gas to substantially remove the oxygen that may be present in the void space 
before the particulate material is fed to the pyro lysis ion*. 

tn some applications, the primary particulate material is preheated 
and then conveyed in a gas stream to form the primary stream. The primary 
particulate materials are preferably good heat absorbers and transferers. 
The primary particulate material can be heated in a separate reactor either 
by heat exchange methods as in a heat exchanger or in a fluidised bed or 
transport reactor (also known as an entrained bed reactor). If the primcry 
particulate material is carbonaceous then a fluidized bed reactor or trans- 
port reactor is particularly useful because the primary particulate material 
may be heated by combustion of • portion thereof in such a reactor. 

the preferred prinary gases arc steam end/or nitrogen or mixtures 
thereof and the preferred primary particulate materiel 1j char, free the 
pyrolysis of ccal. 

the secondary street preferably comprises a gas. The gas should be 
uott-deleteriously reactive with the particulate materials and the products 
produced by the process. The r** is preferably inert and must be substan- 
tially free of free oxygen. In seme e»Lodiments preferably the gas is steam. 
In many applications the particulate carbonaceous material is heated by a. 
preheated primary particulat. material which causes the particulate 
carbonaceous materUl to heat up and devolatilize thereby producing ^a'aable 
gaseous/ liquid and solid products. 

The present process Is useful for reacting two streams in a reaction 
tone determined by a confining boundary, by forming a primary stream 
comprising a first particulate material in swirling flow so as to produce a 
swirling amulus having a central crvity. A secondary stress comprising a 
second particulate material, which is carbonaceous, is inrxoducM into the 



1050736 

central cavity of the swirling amnulu*. Both stream* are maintained sub- 
stantially free of free oxygen. 

vj* tvirllsf annulus provides a protective shield around the 
reaction woe for a distance •loot the direction of swirling flow, the 
distance being sufficient to permit Jw second particulate material to 
undergo a reaction or r^nifoimstion caused by the influence of said first 
particulate material. The roactl<u transforms the second particulate 
material into * st&5t*nce of different dwmical composition then its 
initial chemical crmrositlon. lbs secondary stress is then mixed with 

10 the primary strosa after the desind xeoctlon has be*n substantially con- 
pitted. The streams may then undergo snother reaction. 

Ibe pretext process is especially useful for pyrolyxing particulate 
agglomevative carbonaceous material by having the primary stream contain a 
beat-supplying particulate material and the secondary stress contain the 
particulate aggloaerative carbonaceous material. The swirling aanulus 
prorides a protective shield around the reaction tone for a distance along 
the direction of swirling flow sufficient to peruit the particulate 
agglomerative carbonaceous material to pyrolyxe by the transfer of heat 
fro* the heat-supplying material. The particulate agglomerative carbonaceous 

20 material is thusly transformed into a solid residue which will not adhere to 
the confining boundary of the reaction ions- In this respect the process is 
especially useful for the pyrolysie of aggloaerative coals. 

The present process is also especially useful for an embodiment in 
which the primary stream emprises a gas iz\ which the heat-supplying parti- 
culate material is rntrainod and tLe secondary sti-ecm comprises a gas in 
which the -particulate acglomeratiYc carbonaceous material is entrained. 

present process is still more useful and efficient when the 
heat-supplying particulate material is t product of the process, for example 
a char jrotoced by tho pyrolysls of the particulate carbonaceous material, 

SO for exawple coal char produced by the pyrolysis of coal. 
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w HfttDIKEKTS OF THE INVENTION IN KWCH AN EXCLUSIVE 
JSk^ofnoviiECE IS CLAWED ARE DEFINED AS FOLU-S: 

j. As apparatus for mixing particulate materials comprising: (a) 

• conduit reactor means having • circuit cross-section; (b) a first inlet 
.««, conmunUating «lth 5*W reactor -«» for admitting a primary partlcu- 
Ute stream into Mid rector means; (c) « »w means positioned i« **" 
r^ct:T and >P«c»d apart from the a«is of Mid rector meus and d<*»- 
«»« of Mid first inlet means for inparting a swirling annular motion to 
Mid primary particulate stre~; (d) a second inlet ■«* com mlcating with 
Mid reactc* tew positioned for omitting > secondary particulate stream 
axlally into Mid reactor means; fe) a reacting xone within said wctoi 
means and downstresm of uU second inlet ms through Aich Mid streams 
mm; nd Cf) an outlet means in said reactor means and downstream of Mid 
reacting km for removing material fro. Mid reaeu-r means. 

2. The apparatus of claim I wherein said wae a«aas comprises a 

plurality of vanes. 

j. The apparatus of claia I wherein Mid vane means coapriMS a 

plurality of vanes which are positioned in an amular configuration. 

The apparatus of claim I further comprising a distributing 
•Mas within Mid firr: ialet means for distributing particulate materials 
tubstastitlly uniformly i» the prUary stream. 

5 The apperato? of claim * wherein said distributing near'- 
ccyrltes a scroen. 

6 <n>, apparatus of claim 1 further comprising an aatiswirl-after- 
section moans comnsicating with said reactor means and downstream of said 
ranting tone for stopping swirling motion. 

7> * The apparatus of claim 6 wherein said antlswirl-efter-section 
uu.it comprises a baffle means. 

8> The apparatus of claim 6 wherein said antiswirl-after-section 

15 
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means comprises * plurality of baffles. 

9. The apparatus of claim 1 wherein said second inlet means term- 
inates downstream of said vane means. 

10. M apparatus for mixing p% rticulate materials comprising: (a) 
a conduit reactor means baring a circular cross-sect i;m; C>) a first inlet 
neans communicating with said reactor Beans for admitting a primary particu- 
late stream into said reactor Means; (c) a swirling Keens positioned in said 
reactor means for imparting a swirling annular action tc said primary 
particulate streaa; (d) a second inlet means cr— in 1 citing with said reactor 
wans positioned for admitting a secondary, particulate streaa axial ly into 
said reactor means; (e) a reacting tone within said reactor means and down- 
stream of said second inlet means through ehich said streams flow; (f) an 
antiswl?l- after- sect ion means positioned in said reectcr means and downstream 
of said reacting zone for stopping swirling motion; and (g) an outlet means 
in said reactor means csd downstream of said antlswirl -after-sect ion means 
for removing material from said reactor means. 

11. The apparatus of claim 10 wherein said first inlet means is in 
tangential communication with said reactor means. 

n. The apparatus of claim 10 wherein said first inlet means com- 

prises a plurality of inlets. 

15* The apparatus of claim 10 wherein said antiswirl -after-section 

means comprises a baffle means. 

14. The apparatus of claim 10 wherein said antiswirl -after-sectica 
means comprises a plurality of baffles. 

15. The apparatus of claim 11 wherein said first inlet means com- 
prises a plurality of inlets and said antistirl-after-n^cti^n conpr ses a 
plurality of baffles. 

16. A process for subjecting carbcr*ctou/. x**rticcil*xe ■ato/iaX to 
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the influence of a stream comprising * heat-supplying particulate material 
coaprising: (a) forming a primary twirling acmlar stream of «n entrained 
heat-supplying primary particulate arterial, said primary swirling annular 
•trass having a central cavity; (b) introducing into said central cavity a 
secondary stream coaprising a fresh carbonaceous particulate material having 
an initial chea«c*l composition; (c) subjecting said fresh carbonaceous 
particulate material to the influence of said heat-supplying primary particu- 
late aster iai thereby causing a transformation cf said fresh carbonaceous 
particulate arts/rial invo a scostaaco of diffeient chemical composition than 
said initial rheaical composition, said substance coaprising a solid product, 
cad preventing free oxygen frea being introduced into said reactor; and (d) 
moving all aaterial from said reactor. 

17* the process of claia 16 further coaprising substantially 

stopping the swirling aotion after said trans format ion has been substantially 
■ completed* 

!*• The process of claia 16 wherein said fresh carbonaceous 

particulate aaterial is coal* 

The process of claia 18 wherein. said heat-supplying primary 
particulate aaterial heats said fresh carbonaceous particulate material to 
pyrolyxe sase and to produce gaseous «nd solid products. 

2°. A process for pyrolyzing agglonerative carbonaceous aaterial 

comprising: (a) forming a primary swirling annular stream coaprising a heat* 
supplying particulate aaterial in a react ioc zone determined by a confining 
boundary, sal* orimary swirling emnular streaa having a central cavity; (b) 
introducing into said central cavity a secondary streaa coaprising a 
particulate aggtonerative carbonaceous material; (c) hemtiug said particulate 
cgglomerttivo ca-rlfomtceous material by the transfer of beat froa said heat- 
supplying particulate material, t'ttersby causing a transformation of said 
particulate ttflovorative ctvibooiatoous material into a form which will not 
•dhero to said cociiliiing ixxtn&vy, and thereby preventing particulate 
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o-lo-ratlY. -terUl fro. adhering to said confinln, boundary. *aM for. 

eo-prlain, a "lid product; and W «-orl«>f -terUl fro- add waction 

ton* of said reactor. ** 

a . The proces* of data 20 further co-prising substenttally atop- 

jUg Ihe sdrll«« wtloo «fter said transforation has been substantially 

completed. 

«. The process of data 20 •herein said agjlo-erstive carbonaceous 

mtcrlal Is egglcseratire coal. 

a . The process of data 22 wherein said secondary strea. co-prises 

• gas U *leh said partieolate ajxh-erativt. coal is entrained. 

M . The process of data 2S -herein said secondary strea. cc-prises 

a gas which does not enter into a deleterious reaction with said secondary 
•tree, and the products of the process. 

». The process of data 22 -herein said prtaary strea. co-prises 

a gas in -faich said beet-supplying particulate uteiial is entrained. 

26. The process of data 25 .herein said prtaary strea. coeprises 
a gas which does not enter into a deleterious reaction -ith said secondary 
strea- end the products of the process. 

27. The process of data 22 -herein said secondary strea- coeprises 
• first gas in which said particulate agglo-erative coal is entrained, said 
prtaary strea- eoapri.es a second gas in -hich said heat- supplying particulate 
.eterld it entrained, said heat-supplying particulate wterial is a product 
•f the process which is recycled to the reaction tone, and said first gas and 
add second gas being such that they do not enter into a deleterious reaction 
with said strocas and the products of the process. 

28. The process of data 27 -herein sdd secondary strea- Is 
turbulent ax It is introduced into said central cavity. 

29. A process for heating a cerbonaceeus particdete -aterial 
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comprising: (a) formijif * primary swirling annular stream comprising an 
tatralned heat-su^lyiag primary particulate material, said primary swirling 
asmular stream haying a central cavity, in a reactor menus comprising (i) e 
conduit reactor having a circular cross-section, (ii) a first inlet means 
communicating with said reactor means for admitting said entrained heat* 

1 supplying primary particulate stream into said reactor means, (ill) a vane 
means positioned in said reactor means and spaced ap%rt from the axis of said 
reactor means and downstream of said first inlet means frr imparting a swirl- 
ing annular motion to said entrained heat-supplying primary particulate 
stream, (iv) a' second inlet means crmaml eating with said reactor means 
positioned for admitting a secondary particulate stream axially into said 

/ reactor means, (v) a reacting sone within said reactor means and downstream 
of said second inlet means through which said streaas pass, and (vi) an outlet 
means in said reactor means and downstream of said reaching zone for removir j 
material from said teector means; (b) introducing a secondary stream compris- 
ing a' fresh carbonaceous particulate material, into said second inlet means 
and into said central cavity; (c) subjecting said fresh carbonaceous particu- 
late material to the influence of said heat-supplying primary particulate 
material in said reacting zone to cause a transforation of said fresh 
carbonaceous particulate material into a substance of different chemic* ~ 
composition, said substance comprising a solid product; and (d) reauvi m *11 
materials from said reactor means thrccgh said out lev sears. 

30. the process of claim 29 wherein said vane means comprises a 

plurality of vanes. 

J 31. The process of claim 29 wherein said vane means comprises c 

plurality of vanes lAich are positioned in an annular configuration. 

32« process of clais 29 furthor cnaprisir g a distributing means 

within said first inlet means for distributing particular materials substant- 
ially uniformly in the primary stream. 

S3. The process of claim 32 wherein said distributing »sans com- 
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prises a screen* 

54, TV, process of cleia 29 tetter comprising an ant i swirl -efter- 

section mesns n— mil it lux with said reactor bm&s cad downstream of said 
reacting lone for stopping s%irling notion* 

5$ a ft* process of cliii 54 «herein said antiswirl -after-section 

cm&i cawj.ri»es a baffle means. 

j^. no process of claim 54 wherein said entiswirl -after-sect iom 

■sons comprises a plurality of bafftes, 

57. Tao process of claia 29 wherein said second inlet means termia- 

ates downstream of said vase means, 

SS« . A process for boating a carbonaceous particulate material 

comprising: (a) forming a primary swirling annular stream comprising an 
entrained heet-rupplying prlaaxy particulate material, said primary svixlirj 
molar stre&e having a central cavity, in a reactor means comprising ?i) a 
'fondait reactor having a circular cross-section, (ii) a first inlet means 
communicating with said reactor t*t&s for admitting said entrained heat- 
supplying primary particulate ttreaa into said reactor means, (iii) a svirling 
means positioned in said reactor means for imparting a swirling annular motion 
to se*a trut rained heat* supplying prinary particulate stream, (i*J a s+cond 
inlet neans communicKting with said reactor means positioned for admitting a 
secondary particulate stream axially into said reactor means, (v) a reacting 
ton* within said reactor means an* downstream of said second inlet means 
through which sal', streams pass, (vi) : ant isvirl -after-sect Ion means 
poritiomed in said reactor means and dorvttream of said reacting tone for 
stepping swirling motion, and (vii) /» outlet pcans in said re« tor means <tnd 
downstrets of salt? reacting iTne for removing material froo said reactor means 
(b) introducing a secoadaxy ftrcra comprising a fresh carbonaceous particulate 
material, into wid secovi inlet mtatns and into said central cavity; (c) 
objecting said ireah cxaixnuceour particulate m&terial to the Influence of 
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said kcat-mpplyia* primary pertiaOete aaterial is said mctii| mm to 
***** * treasfaraetiea of mU fres* carbonaceous particulate material iato a 
sobstaace of decreet cheaical composition. said eulotaecs coaprisiaf a solid 
product; end (d) reaoriaf oil materials from said reactor aeaas through said 
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**• tko process of claim 31 td*reia said first iaJet 

^ ■a ym t Ul ro— ■t.nioa with said raactor aeaas. 

40 « process of claim 38 wherein said firr* imlet 

prises a plurality of Islet?. 
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The process of clein 38 where la said oatisvlrl-after-sectioo 
comprises a bafrie 




*** proces« of claiu 38 wherein said aetf srtrl-after-sectlon 

■was coaprises a plurality of baffles. 

<3 ' process of claia 38 wherein sAd first ialet aeaas coa- 

prises a plurality of ialets sad said eat iswirl -after-section coaprise> a 
plurality of baffles. 
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44. *be process of clsias 16. 20 ad 20 therein both uU priaery 
sad secondary stress* are s ub s ta n t ially free of free mygsn by tW prevent loa 
of free oxygen froa be lag elxed with said rtrsssi daring tae reraatiea of. sad 
prior to sad during iuuoduci ion Into said central cavity of Mid first sad 
secondary streams respectively. 

45. lbs process of clsias 29 sad SS aeereia said priasry 
foraed ia the sbsesce of free oxygen, said secondary stu e a is introduced into 
said second inlet aeeas ia tbs absence of free oxygen, sad free oxygon is 
prevented froa belsf introduced into said reactor seas* ' %;£ 4 T : 

46. The process of claia 2S «aereia said particulate sqlnaerstlve 
aat^rial is purfed tritb a purge gas to substantially reaws oyf ea froa tas 
void space of said perticnlctte snloasrative aaterisl before said particulate / 
si^loaer a tive aaterisl is f o r as d into said secondsry stream* : • \ * 

•■•■i-'^'^-'-v'i^^ * • -'* : 
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